This study provides further evidence that the fibrotic process in OSF is not only due to excessive collagen deposition but also due to disequilibrium in the ECM remodeling process. Neither the ECM remodeling process nor tissue fibrosis of OSF directly shows any significant effect on epithelial dysplasia.
Introduction
Oral submucous fibrosis (OSF), a chronic, insidious, fibrotic disease of the oral cavity, was first reported in the early 1950s (1) . There is strong epidemiological evidence to suggest the association of OSF with the habit of chewing areca quid (AQ) (2-3), which consists mainly of areca nut, betel leaves, slaked lime, and tobacco. Importantly, OSF has been proven as a premalignant condition (4) . Although epithelial changes are variable in OSF, most cases show generalized and marked atrophy of the oral epithelium with the loss of rete processes (5) (6) . As a histological hallmark of premalignant lesions, epithelial dysplasia is evident in OSF lesions (6) . Furthermore, a recent study showed that malignancy develops in about 7% -13% of OSF lesions (7) .
The carcinogenesis of OSF into oral squamous cell carcinoma (OSCC) is still unclear, although a variety of approaches have been applied to analyze its carcinogenic process. Several hypotheses of pathogenesis have been postulated. Jeng et al. proposed that the various inflammatory cytokines released from oral keratinocytes induced by areca nut components lead to the pathogenesis of OSCC in OSF (8) (9) . Others have proposed that genotoxicity and cytotoxicity caused by the ingredients of AQ have an effect, directly or indirectly, on oral keratinocytes (10) (11) (12) . Another study suggested that areca nut extract or components of AQ cause oral mucosal fibroblasts to activate matrix metalloproteinases (MMP)-2 or AKT signaling and then modulate cancerous transformation of oral epithelial cells (13) . More recently, hypoxia has generated considerable interest for its potential role in the malignant transformation of OSF (14) .
Fibrosis may occur as the healing process of inflammatory reaction and be modulated by various cytokines (15) . TGF-β has been acknowledged to be one of the main growth factors implicated in the development of fibrotic lesions (16) . Among TGF-β isoforms, TGF-β1 seems to be Relationship of fibrosis and the expression of TGF-β1, MMP-1, and TIMP-1 with epithelial dysplasia in oral submucous fibrosis the cytokine that plays a major role in wound repair and fibrosis (17) . MMPs are a tightly regulated family of enzymes that degrade extracellular matrix (ECM) (18) . MMPs activity is regulated by a group of specific tissue inhibitors of metalloproteinase (TIMP), of which TIMP-1 has been well identified (19) . Thus, the final balance between the activity of MMPs and TIMPs is considered to be a key determinant of the degradation of the ECM. Accordingly, the imbalance between the activities of MMPs and TIMPs are associated with pathological conditions, namely proliferative scaring, keloid, submucosal fibrosis, gingival overgrowth, and plantar fibromatosis (20) (21) (22) (23) (24) .
Unlike other fibrotic diseases, OSF is characterized to be a potentially malignant disease. Therefore, the present study aims to elucidate both the ECM remodeling process and fibrosis in OSF, as well as their relationships with epithelial dysplasia. For this study, we compared the expressions of TGF-β1, TIMP-1, MMP-1 in OSF and normal oral mucosa (NOM) by immunohistochemistry. In addition, we compared the proliferative activities of both OSF and NOM epithelium by proliferating cell nuclear antigen (PCNA) index. Finally, we evaluated the relationship of these expression patterns to epithelial dysplasia and tissue fibrosis.
Materials and methods

Patient population
Specimens from 50 adult patients were used for this study. Forty-two archival specimens in the form of paraffin blocks which had been histologically diagnosed as OSF were selected from the Department of Oral Pathology of Faculty of Dental Sciences, University of Peradeniya, Sri Lanka, together with eight NOM specimens from patients who have neither pathological mucosal lesions nor habits of smoking and/or betel chewing. NOM specimens were obtained from patients undergoing third molar disimpaction surgeries at the Dental Hospital, University of Peradeniya, Sri Lanka. Nineteen of the 42 OSF specimens were from patients diagnosed as having some degree of epithelial dysplasia according to the archival records. The clinical diagnosis of OSF was based on clinical features such as burning sensation of the mouth, presence of palpable vertical fibrous bands along the buccal mucosa, limited mouth opening and a given history of betel and areca nut consumption. The clinically diagnosed patients with OSF for this study were 36 men (86%) and 6 women (14%), ranging in ages from 21 to 65 years, with an average age of 40 years. Ethical approval and informed consent from patients were obtained.
Tissue specimens and histopathological diagnosis
All biopsy specimens were formalin-fixed and paraffinembedded according to the standard histological techniques. Four μm sections submitted for routine hematoxylin and eosin (HE) staining were used for reevaluation of histopathological diagnosis. Two oral pathologists (WMT, JK) independently graded HE sections of OSF for epithelial dysplasia and diagnosed the stage of the disease based on the extent of fibrosis. Grading of epithelial dysplasia, ranging from mild epithelial dysplasia to severe epithelial dysplasia, was assigned according to the WHO criteria (25) . Based on the extent of fibrosis, the disease was graded into one of three stages (early, intermediate, and advanced) according to the criteria described by Utsunomia et al. (26) . There was complete congruence between the examiners regarding the final diagnosis of the specimens.
Immunohistochemistry
Formalin-fixed, paraffin-embedded serial tissue sections were cut to a thickness of 4 μm and mounted on silane coated slides (Muto Pure Chemicals Co Ltd, Japan). Sections were de-waxed and re-hydrated using xylene and varying concentrations of ethanol. Antigen retrieval for PCNA detection was achieved by autoclaving the sections for 20 min in 0.01 M citric acid buffer (pH 6) after which sections were allowed to cool; the sections were then placed into phosphate-buffered saline (PBS). Antigen retrieval for detection of TGF-β1, TIMP-1, and MMP-1 was achieved by using 0.4% trypsin solution (0.04 g trypsin in 10ml of distilled water for 20 minutes at 37℃). Endogenous peroxidase was blocked in the sections by incubating them for 10 min with freshly prepared 3% hydrogen peroxide solution. Before applying primary antibodies, sections were blocked with non-immunized goat serum (1:5 dilution in PBS) for 60 min at room temperature. Sections were then subjected to the streptavidin-biotin complex method. Immunostaining was achieved using four primary antibodies, namely mouse monoclonal PCNA antibody (Oncogene Research Products, San Diego, CA, USA; 1:100 dilution in PBS), rabbit polyclonal TGF-β1 antibody (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA; 1:50 dilution in PBS), mouse monoclonal TIMP-1 antibody (Neomarkers Inc., Fremont, CA, USA; 1:50 dilution in PBS), and mouse monoclonal MMP-1 antibody (Oncogene; 1:100 dilution in PBS). The sections were visualized with 3, 3-diaminobenzidine tetrachloride (DAB, Vector Laboratories, Burlingame, CA, USA), counterstained with Mayer's hematoxylin, mounted, and then examined with an Olympus BH-2 light microscope (Olympus Corp., Tokyo, Japan). Positive controls were OSCC for PCNA, placental tissue for TGF-β1 and MMP-1, and breast cancer tissue for TIMP-1. In order to demonstrate the specificity of the staining, negative controls were included in which the primary antibody was replaced with PBS.
Analysis of the staining
For each slide, 5 non-overlapping fields were randomly selected and photographed using a light microscope with an Olympus BX51T digital camera at magnification × 200. Sections were considered either negative or positive according to the absence or presence of brown staining in epithelial or stromal cells. The expression of TGF-β1, MMP-1, and TIMP-1 was evaluated in a semi-quantitative manner on 38 out of 42 slides. Due to unsatisfactory specimen status, 4 cases were not considered for evaluation of TGF-β1, MMP-1, and TIMP-1. The positive cases were graded into three easily reproducible subcategories depending on the frequency of positively stained cells: (a) positive expressions in less than 30% of cells, (b) positive expressions in 30-70% of cells, (c) positive expressions in more than 70% of cells. To evaluate proliferative index/ PCNA index similarly for each slide, 5 non-overlapping fields were randomly selected, the total number of epithelial cells were photographed, and the number of nuclei with positive PCNA expression were counted using Image-pro plus version 3.0 software (Media Cybernetics Inc., Bethesda, MD, USA). The proliferative index was calculated per specimen using the following formula:
Proliferative Index (%) = total number of positive cells × 100 total number of epithelial cells
Statistical Analysis
Results were computed and statistically analyzed using SPSS 13.0 version. Expressions of TGF-β1, MMP-1, and TIMP-1 in both OSF and NOM were statistically analyzed using the Chi-squared test. The mean values of PCNA index among different groups were statistically analyzed using the student's t-test. The relationship between the degree of fibrosis and the presence of epithelial dysplasia in OSF tissues, as well as the correlation among epithelial dysplasia, degree of fibrosis, prevalence of TGF-β1, MMP-1, and TIMP-1 expression, were also statistically analyzed using the Chi-squared test. P values < 0.05 were taken as significant.
Results
Histological features
Most of the OSF cases showed an atrophic epithelium while 5 cases showed epithelial hyperplasia. 
Relationship between epithelial dysplasia and degree of fibrosis
The relationship between the degree of fibrosis and epithelial dysplasia was analyzed ( Table 1 ). The different stages of fibrosis (early, intermediate and advanced) were compared with the three grades of dysplasia (focal mild, mild, and moderate). However, there was no statistically significant correlation among the groups based on the Chisquared test (P>0.05).
Proliferating activity
PCNA positivity was determined by nuclear staining of epithelial cells. NOM exhibited proliferating cells in the basal and parabasal layers. The OSF showed positive PCNA reaction in the nuclei of basal, parabasal, and spinous cells of the epithelium, while the dysplastic tissues showed positive cells in nearly all layers of the epithelium. Compared to NOM, the prevalence and intensity of PCNA staining was found to be increased in OSF (Fig. 2) . This finding was especially noticed in the OSF tissues with dysplastic features. OSF had a PCNA index of 12.8 ± 3.1 compared to that of 6.0 ± 0.9 in NOM, which was statistically significant (P<0.05). The OSF with dysplasia had a PCNA index of 14.4 ± 2.2 compared to that of 10.3 ± 2.7 in the OSF without dysplasia. These results were also statistically significant (P<0.05) ( Table 2) .
Expression of TGF-β1, MMP-1, and TIMP-1
Prevalence of TGF-β1 expression was observed in the submucosal portion of OSF and NOM (Figs. 3a-3b) . OSF showed over 30 % of TGF-β1 expression in 71 % of OSF cases, while only 33% of NOM showed over 30% expression (Table 3 ). This result was statistically significant (P<0.05). In the epithelial portion of both OSF and NOM, TGF-β1 expression was distributed throughout, except in the keratinized layer.
MMP-1 expression in OSF was attenuated compared to NOM. Only 21.1% of OSF cases showed over 70% MMP-1 expression compared to the 77.8% of NOM cases. There was a detectable difference in the prevalence and staining intensity of positive fibroblasts between NOM and OSF (Figs. 3c-3d) . This difference of MMP-1 expression pattern between OSF and NOM was found to be statistically significant (P<0.05) ( Table 3) .
TIMP-1 expression between OSF and NOM showed no significant statistical difference in the connective tissue portion (P>0.05). However, staining intensity was observed (Table 3) .
Relationship between epithelial dysplasia or degree of fibrosis and expression of TGF-β1, MMP-1, and TIMP-1 in OSF
Statistical analysis revealed that there is no significant correlation between epithelial dysplasia and expression of TGF-β1, MMP-1, and TIMP-1, respectively (Table 4) . P values were found to be beyond the significant level (P>0.05).
When we compared the expression of TGF-β1, MMP-1, and TIMP-1 with the degree of fibrosis, TGF-β1 expression appeared to be increased along the advanced stage of fibrosis, evidenced by the increased incidence of cases showing more than 70% expression in intermediate and advanced stages (Table 5) .
Likewise, TIMP-1 expression was also increased following the severity of fibrosis. Correspondingly, the cases showing more than 70% of MMP-1 expression seemed to be reduced following the severity of fibrosis. However, the relationship between the degree of tissue fibrosis and expression of TGF-β1, MMP-1, and TIMP-1 revealed no statistical significance by Chi-squared test. This result could be due to the small sample size.
Discussion
The pathogenesis of OSF and its malignant transformation has been a subject of debate for decades without definite scientific conclusion. Multiple aspects of tumorigenesis may have contributed to this confusion. The role of cytokines secreted from fibroblasts has been suggested by some investigators (7, 13) , whereas direct or indirect damage to oral keratinocytes causing genetic changes has also been discussed by others (10-12). Considering the histological characteristics of OSF showing fibrosis and epithelial atrophy, we hypothesized that fibroblasts or their products may have an active role in epithelial transformation in OSF. The main question addressed by the present study was whether the epithelial dysplasia in OSF may be related to the factors provoking fibrosis. In this preliminary study, we attempted to evaluate whether tissue fibrosis and/or the expression of TGF-β1, MMP-1, and TIMP-1 may be related to epithelial dysplasia. TGF-β is a known potent mediator which stimulates collagen and other ECM production (27) . As expected in this study, we found significantly increased TGF-β1 expression in the connective tissue portion of OSF compared to NOM, resulting in increased tissue fibrosis in OSF. The results of this study corroborate the findings of several previous studies that found the levels of TGF-β in OSF to be higher than in NOM (28) (29) .
Excessive collagen deposition due to improper regulation of the proteolytic equilibrium is a common basis for pathological fibrosis. There have been several studies which clearly showed the involvement of MMPs and TIMPs in wound healing-related diseases where the remodeling mechanisms are disrupted (30) (31) . In cirrhotic liver tissue, decreased MMP-1 synthesis and increased TIMP-1 and TIMP-2 functions promoted fibrosis (32) . Regarding OSF, Chang et al. cultured buccal mucosal fibroblasts which were arecoline-treated and found the decrease of MMP-2 synthesis and its activities as well as increased TIMP-1 synthesis (33). Rajendran et al. described the increased expression of TIMP-1, TIMP-2, and MMPs in OSF by an immunohistochemical study. However, in the same study they found reduced MMP activity in OSF tissue by gelatin zymography (34) .
Because MMP-1 is the main human enzyme that degrades fibrillar collagen and is also related to the remodeling process in wound healing (18) , the present study examined MMP-1 expression in OSF. As expected, MMP-1 levels in the OSF connective tissue were attenuated compared to NOM. This shows that collagen degradation caused by MMP-1 is down regulated in the OSF, causing accumulation of ECM in the connective tissue. On the other hand, no statistically significant difference in the fraction of TIMP-1 positive cells was found between OSF and NOM, even though TIMP-1 showed stronger intensity in fibroblasts of OSF than in NOM. Taken together, the equilibrium between MMP-1 and TIMP-1 tends to be disturbed in OSF. Therefore, our results help to elucidate the fact that excessive fibrosis in OSF is not only due to excessive deposition but also due to decreased collagen degradation. This concept is collectively confirmed by previous studies (33) (34) (35) .
Our study further showed that neither the degree of fibrosis nor the grade of epithelial dysplasia is dependent on each other when evaluating their relationship. This finding corroborates with some previous studies, as well (14) . Interestingly, we also found that the tissue expressions of TGF-β1, MMP-1, and TIMP-1 have no correlation with the tissue expression of epithelial dysplasia in OSF. Based on these results, it appears that the deregulation of the collagen remodeling process itself may not result in epithelial dysplasia.
PCNA is a useful immunohistochemical marker of cell proliferation because its expression and distribution correlates with cellular proliferation rates and DNA synthesis (36) (37) . The increase of PCNA expressions has been observed as gradual progression from normal epithelium to hyperplasia, dysplasia, and head and neck squamous cell carcinoma (38) (39) . In this study, proliferative activity (PCNA index) of the OSF epithelium was found to be higher than that of NOM. When comparing the proliferating activities of the dysplastic OSF with the non-dysplastic group, the PCNA index of the dysplastic group showed a significant increase, as expected. Our results are supported by previous studies which have shown that the PCNA index of the epithelium is significantly increased in OSF compared to NOM (39) (40) (41) . Considering the PCNA index of this study together with already published data (39) (40) (41) (42) (43) , the increased PCNA index can correlate with the increased malignant transformation potential.
Taken together, the results of the present study indicate that the increased expression of TGF-β1, followed by fibroblast proliferation and collagen synthesis, are contributing factors that cause fibrosis in OSF. Also, the imbalance between TIMP-1 and MMP-1 enhances the ECM accumulation which further affects the tissue architecture irreversibly in OSF. Its malignant transformation potential is also evidenced by an increased PCNA index in OSF and dysplastic OSF. However, there is no correlation between deregulation of the collagen remodeling process and epithelial dysplasia, suggesting that the deregulated collagen remodeling may not directly affect the cancerous transformation of OSF. Further study about whether any fibrosis-inducing factors may cause epithelial dysplasia will provide insight in elucidating the mechanisms of cancer transformation in OSF.
